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FO™^rS C A ^° LLED K*^ASE DOSAGE 
FORMULATIONS AND METHOD OF PREPARING SAME 

Related Application 
The imam application is a combua,io„-i„.par« application of US Patent 
Apphcafon Sena, No. 08/790,530, filed 29 January ,997, to which a data of priority i s 
asserted. The subject matter of patent application Serial No. 08/790,530 is incorporated 
herein by reference in its entirety. 



15 



20 



Field of the Invention 

nartc , P resent invention relates to controlled release dosage formulations. More 

P—y, the present invention relates to a method of preparing a time-specific conned 
release dosage formulations. 



Background of the Invention 



Phamtaceutical formulations for oral admintoration have employed various 
coatings for the purpose of preserving the integrity of the formdation while passing through 

alTr ^^^^^^^--o^eren^esgenJsa 
^^^^SSSS^SS^SS^ P*™tical formulations which 




^ e^*r^^ For ^ " 

Appl.cat.onNo. 366 62, 

^ff^^222S^~^ Application No. 572 942, the disdosure 
of whtch ,s hereby incorporated by referen^niK^^ 
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composition mcluding . ^ comaimng ^ ^ _ 
whtch delays the release of the active ingredient contained itt ue Mre fa . 
penod, and an outer layer, the dissolution of which activates the process of 
swemr^dissolution/erosion of the imermediate layer. In the composition described „ 
5 European Application No. 572 942, the coating layers are applied sequentially by watery or 
orgamcfilm coating or by press coating techniques, such as double press coating. Apiary 
d^vantage of these coating meutods is tha, these methods employ solutions of the eating 

polymers, which coating polymers have ve^ high viscosities in water-based environments 
Double press coating techniques have some disadvantages in that the core of 

the formulation may not be property catered whhin the coating, and a relatively Urge amount 

of polymer is required for proper coating. 

There also remains a need in the art for pharmaceutical formulations which 
release active ingredient after a predetermined latency or lag time period in the body i e 
time-specific release formulations. ' ' 

15 

Summary of the Invention 

It is therefore^ object of the present invention to provide a method of 

- ^™ toe-^ecific release pharmaceutical formulation which is fcster than conventional 

coating techniques. ^mmi.fm m^Bm^p^ ^^^ - - 
pharma«utical fbnrndation, the disiMegration of which is triggered by time lapse 
mdependently of the pH of the environment to which it is subjected. 

As a first aspect, the present invention provides a method of achieving the 

z= '^^^mA^c^y a c^ agent to a patient in need of the therapeutic 
e8#s-ofthepharo»ceuti^ 

from the ere for a predetermined period oflimeleleia^pon ie~mickness 0 Fnie~ U 
swellable polymeric coating layer. ^ 

^^^U^^!^^^^ invention Provides a method of providing the 

swellable polymeric coatmgla^S ^ 
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wetting the core with a binder solution, and (/,) coating the core with powdered polymeric 
particles a sufficient number of times to produce a time-specific dosage formulation having 
the desired thickness of swellable polymeric coating layer. 

As a third aspect, the present invention provides another method for time- 
specific delivery of a pharmaceutically active agent to a patient in need of the therapeutic 
effects of the pharmaceutically active agent. The method comprises administering a 
pharmaceutical formulation comprising (a) a core including the pharmaceutically active agent 
and (b) a swellable polymeric coating layer substantially surrounding the core, that delays the ' 
release of the pharmaceutically active agent from the core for a predetermined period of time 
dependent upon the thickness ofthe swellable polymeric coating layer. The swellable 
polymeric coating layer is formed from powdered polymeric particles. 

As a fourth aspect, the present invention provides a method for producing a 
toe-specific dosage formulation for the time-specific delivery of a pharmaceutically active 
agent. The method comprises coating a core containing the pharmaceutically active agent 
with a swellable polymeric coating layer that delays the release ofthe pharmaceutically active 
agent from the core for a predetermined period of time dependent upon the thickness ofthe 
swellable polymeric coating layer. ; The step of coating the core with the swellable polymeric 
coatinglayer comprises alternately (7) wetting the core with a binder solution, and <//) coating 
the core with powdered polymeric particles anient number of times to produce a timer 



VA "J piuuuce a time- 

specific dosage formulation having the desired thickness of swellable polymeric coating layer. 

As a fifth aspect, the present invention provides another method for time- 
specific delivery of a pharmaceutically active agent to a patient in need ofthe therapeutic 
^^^^^^i^acth c±gcnl Themethod comprises administering to the 



25 



30 



' i 4I "~ : . , _ . _ . . 1 »»"UlUill61 lug lO Ul 

patient, a pharmac^fi^^ m ^ 

containing a liquid form of thephaJmputicaUy active agent, and (b) a swellable polymeric 
coating layer sub^ally^mro^ coating layer delays 

Jherelease,^^^ ^ from me C£)re for a predetermined pei . od Qf 

time dependent upon the thickness ofthe swellable polymeric coating layer. The swellable 
polymeric coating layer is provided by alternately (I) wetting the core with a binder solution, 

* efficient number of times to 
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produce a time-specific dosage formulation having the desired thickness of swellable 
polymeric coating layer. 

As a sixth aspect, the present invention provides yet another method for time- 
specific delivery of a pharmaceutically active agent to a patient in need of the therapeutic 
5 effects of the pharmaceutically active agent. The method comprises administering a 

pharmaceutical formulation comprising: (a) a core which comprises a capsule containing a 
liquid form of the pharmaceutically active agent, and (b) a swellable polymeric coating layer 
substantially surrounding the core. The swellable polymeric coating delays the release of the 
pharmaceutically active agent from the core for a predetermined period of time dependent 
10 upon the thickness of the swellable polymeric coating layer. The swellable polymeric coating 
layer is formed from powdered polymeric particles. 

As a seventh aspect, the present invention provides another method for 
producing a time-specific dosage formulation for time-specific delivery of a pharmaceutically 
active agent. The method comprises coating a core comprising a capsule containing a liquid 
1 5 form of the pharmaceutically active agent, with a swellable polymeric coating layer that delays 
the release of the pharmaceutically active agent from the core for a predetermined period of 
time dependent upon the thickness of the swellable polymeric coating layer. The step of 
coating the core with the swellable polymeric coating layer comprises alternately (I) wetting 
the core with a bEdlTrToluS"^^ a 
20 sufficient number of times to produce a time-specific dosage formulation having the desired 
thickness of swellable polymeric coating layer. The core can be provided by the steps of (1) 
providing a liquid form of the pharmaceutically active agent, which form is selected from the 

grou p consisting of solutions, liposome dispersions, oil-in-water emulsions, microemulsions, 

precursors of microe^slonsand liposomes, Aspersions of mtcroparticles; dispersi6ns~of 

25 nanoparticles, dispersions of solid lipid nanoparticles, and suspensions, and (2) encapsulating 
^^InfUq^di^^fW^ifeE^caUy active agent in a capsule, prior to coating the core 

with the swellable polymeric coating layer. 

As another aspect, the present invention provides a pharmaceutical 
formulation for the time-specific delivery of a pharmaceutically active agent. The formulation 

30 comprises: (a) a core which comprises a capsule containing a liquid form of the 

™^ pharmaceutically active agenf and (bj a swellable polymeric coating layer substantially 
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surrounding the core. The swellable polymeric coating layer delays the release of the 
pharmaceutically active agent from the core for a predetermined period of time dependent 
upon the thickness of the swellable polymeric coating layer. The swellable polymeric coating 
layer is provided by alternately (I) wetting the core with a binder solution, and (//) coating the 
5 core with powdered polymeric particles a sufficient number of times to produce a time- 
specific dosage formulation having the desired thickness of swellable polymeric coating layer. 

The foregoing and other objects and aspects of the present invention are 
explained in detail in the detailed description and examples set forth hereinbelow. References 
referred to herein are incorporated into the present application by reference in their entirety. 

10 

Detailed Description of the Invention 

The methods of the present invention may be employed to achieve the time- 
specific release of a pharmaceutically active agent and to provide a time-specific controlled- 
release pharmaceutical formulation for pharmaceutically active agents which are desirously 
15 delivered after a predetermined period of time. Suitable pharmaceutically active agents which 
can be administered by using the methods and formulations of the present invention include 
pharmaceutically active agents which can be formulated in either solid dosage forms such as 
tablets, caplets, and capsules as well as pharmaceutically active agents which can be 
f^j^l^2- m -yq^i3 f ormSj particularly^aTlio^iid-filled capsules. Thus, the methods and" 
20 formulations of the present invention are suitable for administration of a wide variety of 

pharmaceutically active agents. More specifically, pharmaceutically active agents which may 
be employed in the methods of the present invention include, but are riot limited to: 
steroids such as betamethasone, dexamethasone, methylprednisolone, 
— — — predmsolonerpredmsonertri 
25 acceptable hydrocortisone derivatives; 

■•-::,t::;.:::v;: : ::r. ^xanttones:sicf^ - 

beta-2-agoriist bronchodilators such as salbutamol, fenterol, clenbuterol, 
bambuterol, salmeterol, fenoterol; 

antiinflammatory agents^ including antiasthmatic anti-inflammatory agents, 
30 antiarthritis antiinflammatory agents, and non-steroidal antiinflammatory agents, examples of 
wEcTInBule^^ diclofenac, 
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pharmaceutically acceptable diclofenac salts, nimesulide, naproxene, acetaminophen, 
ibuprofen, ketoprofen and piroxicam; 

analgesic agents such as salicylates; 

calcium channel blockers such as nifedipine, amlodipine, and nicardipine; 
5 angiotensin-converting enzyme inhibitors such as captopril, benazepril 

hydrochloride, fosinopril sodium, trandolapril, ramipril, lisinopril, enalapril, quinapril 
hydrochloride, and moexipril hydrochloride; 

beta-blockers (i.e., beta adrenergic blocking agents) such as sotalol 
hydrochloride, timolol maleate, esmolol hydrochloride, carteolol, propanolol hydrochloride, 
10 betaxolol hydrochloride, penbutolol sulfate^meto^TisteHmTar^ succinate, ^ ^ 

acebutolol hydrochloride, atenolol, pindeioXand bisoprolol fumarate; >^ V^ 0 

centrally active alpha-2-kgonists such as clonidine; \j^J / ~ > ^ 

alpha- 1 -antagonists such as doltaz osin and p razosin; 
anticholinergic/antispasmodic agents such as dicyclomine hydrochloride, 
15 scopolamine hydrobromide, glycopyrrolate, clidinium bromide, flavoxate, and oxybutynin; 
vasopressin analogues such as vasopressin and desmopressin; 
antiarrhythmic agents such as quinidine, lidocaine, tocaihide hydrochloride, 
mexiletineJi ydroc Moride,^ g^ xin, verapamil hydrochloride, propafenone hydrochloride, 
7 ^SjWnS^CT^ and disopyramide" 

20 phosphate; 

antiparkinsonian agents, such as dopamine, L-Dopa/Carbidopa, selegiline, 
dihydroergocryptine, pergolide, lisuride, apomorphine, and bromocryptine; 

._ • antiangina agents and antihypertensive agents such as isosorbide mononitrate, 
isosOTbidFdimtfate, proprandlolrateiiololandverapamil; 
25 anticoagulant and antiplatelet agents such as Coumadin, warfarin, 

sedatives such as benzodiazapines and barbiturates; 



ansiolytic agents such as lorazepam, bromazepam, and diazepam; 
peptidic and biopolymeric agents such as calcitonin, leuprolide and other 
30 LHRH agonists, hirudin, cyclosporin, insulin, somatostatin, protirelin, interferon, 
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desmopressin, somatotropin, thymopentin, pidotimod, erythropoietin, interleukins, melatonin, 
granulocyte/macrophage-CSF, and heparin; 

antineoplastic agents such as etoposide, etoposide phosphate, 
cyclophosphamide, methotrexate, 5-fluorouracil, vincristine, doxorubicin, cisplatin, 
5 hydroxyurea, leucovorin calcium, tamoxifen, flutamide, asparaginase, altretamine, mitotane, 
and procarbazine hydrochloride; 

laxatives such as senna concentrate, casanthranol, bisacodyl, and sodium 

picosulphate; 

antidiarrheal agents such as difcnoxine hydrochloride, loperamide 
10 hydrochloride, furazolidone, diphenoxylate hdyrochloride, and microorganisms; 
vaccines such as bacterial and viral vaccines; 

antimicrobial agents such as penicillins, cephalosporins, and macrolides' 
antifungal agents such as imidazoiic and triazolic derivatives; and 
nucleic acids such as DNA sequences encoding for biological proteins, and 
15 antisense oligonucleotides. 

The cores employed in the methods of the present invention may be either 
solid, tablet-like cores or liquid filled capsule cores. In the case of solid, tablet-like cores, the 
cores typically include one or more pharmaceutically acceptable excipients in addition to the 



pharmaceutically active agent. Pharmaceutically acceptable excipients which may be 



20 employed are well known to those skilled in the art and include any conventional 

pharmaceutically acceptable tableting excipients. Examples of suitable excipients include but 
are not limited to macrocrystalline cellulose, dibasic calcium phosphate dihydrate, starch, 
sodium starch glycolate, crospovidone, croscarmellose sodium, magnesium stearate, lactose, 



maleic acid, colloidal silicon dioxide, tale, and~glyceryl~behenate~ ~ 
25 The core can be prepared by any suitable technique known to those skilled in 



-.the-arfc— Fof-example P thj^ with the'excipient(s): 



and advantageously formed into a tablet or caplet using a conventional tableting press. 

In the embodiment wherein the core is a capsule containing a liquid form of 
the pharmaceutically active agent, the pharmaceutically active agent is provided in a liquid 
30 form such as a solutions, liposome dispersions, oil-in-water emulsions, microemulsions, 



precursors of microemulsions and liposomes, dispersions of microparticles, dispersions of 
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nanoparticles, dispersions of solid lipid nanoparticles, and suspensions. Any conventional 
technique for providing the active in the form of a solution, liposome dispersions, oil-in-water 
emulsion, microemulsion, precursors of microemulsion and/or liposomes, dispersions of 
microparticles, dispersions of nanoparticles, dispersions of solid lipid nanoparttcle, or 
5 suspension can be employed. Generally, liquid forms of a pharmaceutically active agent can 
be provided by bringing into association the pharmaceutically active agent and one or more 
carriers such as by solubilizing, dispersing, or suspending the pharmaceutically active agent in 
a suitable carrier or emulsifying a liquid containing the pharmaceutically active agent. Of 
course suitable carriers will be those carriers which do not interfere with the activity of the 
0 particular pharmaceutically active agent to be administered, and are pharmaceutically 

acceptable in the sense that they are not deleterious to the patient to which the formulation 
will be administered. 

Suitable carriers include hydrophilic and lipophilic carriers include, for 
example, pharmaceutically acceptable alcohols such as ethanol; glycols such as ethoxy 
5 diglycol, ethylene glycol, propylene glycol, and polyethylene glycols of varying length (e.g., 
PEG-4, PEG-6, PEG-8, etc.); alkyl esters of fatty acids such as isopropyl myristate, isopropyl 
palmitate, isopropyl stearate, isopropyl oleate, and polyglyceryl-6 isostearate; mono-, di-, and 
triglycerides; polyoxyethylene-polyoxypropylene thermosetting copolymers; phospholipids 
such as phosphatidylcholine; natural and synthetic oils suchas hydro^enatedWconm^ilrpalm 
0 oil, corn oil, almond oil, white mineral oil, silicon oil, dimethylpolysiloxane; propylene glycol 
dipelargonate; trilaneth-4-phosphate. Other examples of conventional, suitable hydrophilic 
and lipophilic carriers which may be employed for the productions of liquid forms of any of 
the above-listed pharmaceutically active agents can be found in Remington's 



PHARMACEUTICAl7SCIENCES~l 

In some instances it may be desirable to combine two or more hydrophilic carriers , two or 



rmoreiipophilic carriers,.or a combination of an hydrophilic and lipophilic carriers to provide 



the pharmaceutically active agent in liquid form. 



The liquid form of the pharmaceutically active agent may also contain 
additives such as, for example, conventional dispersants, preservatives, stabilizers, surfactants, 
antioxidants, buffers, colorants, and the like, as will be understood by those skilled in the art 



of pharmacy. 
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Further advantages of the formulation are obtained by including in the liquid 
form components such as enhancers to improve the intestinal absorption of specific active 
agents, or enzyme-inhibitors to protect specific active agents from intestinal enzymatic 
degradation. 

5 The pharmaceutical^ active agents may be formulated into a liquid form using 

any suitable, conventional techniques known to those skilled in the art of pharmacy. 
Remington's Pharmaceutical Sciences, 18th ed. A. Gennaro, Mack Publishing Co., 
Easton PA (1990) as well as many other general pharmacy texts described methods for 
formulating active agents in solutions, liposome dispersions, oil-in-water emulsions, 
10 microemulsions, precursors of microemulsions and/or liposomes, dispersions of 

microp articles, dispersions of nanoparticles, dispersions of solid lipid nanoparticles, and 
suspensions; which methods may be employed to provide the pharmaceutically active agent in 
liquid form according to the present invention. 

For example, solutions containing pharmaceutically active agents can be 
15 produced by substantially completely solubilizing the pharmaceutically active agent in a 
suitable carrier, optionally with stirring and/or the addition of heat. .. 

Emulsions may be obtained by solubilizing the pharmaceutically active agent in 
either an aqueous or an oil phase and emulsifying the aqueous and oil phases with the aid of at 



j east one surfactant! .'~Z'71—1 
20 The liposome dispersions may be produced according to conventional 

techniques, through the use of phospholipids after the solubilization of the pharmaceutically 
active agent. Suitable conventional techniques for the production of liposome dispersions are 
described in Martindale, 18th Edition, page 1691-1692; Pharmaceutic al Manufacturing of 



fciposomesr FrJrMarth^ 

25 267-3 1 6; and Specialized Pharmaceutical Emulsions, M. Rosoff, PHARMACEUTICAL DOSAGE 
rrrr— forms: Disperse SYSTEMS^volri"^ 245-283. ~ ~' — ~ 

Microemidsions'may be obtained asdesferibed in Martindale, 18th Ed., pg 



1 536; and S pecialized Pharmaceutical Emulsions. M. Rosofif, PHARMACEUTICAL DOSAGE 
Forms: Disperse Systems, vol. 1, Marcel Dekker Inc., pg 245-283. 
30 Precursors of microemulsions and liposomes may be obtained in the same way 



as microemulsions and liposome dispersions, but with less, or no quantity of water . 
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Microparticles may be obtained as described in Martindale, 18th Edition, page 
1663-1664; and Microencapsulation: Scale-Up Considerations and Production Technology . 
V.A. Crainich, Specialized Drug Delivery Systems, Marcel Dekker Inc., pg. 221-255. 
Dispersions of these microparticles can then be obtained using the dispersion techniques 
5 described above. 

Nanoparticles may be obtained as described in Martindale, 18th Edition, page 
1691; and Lar ge-Scale Production Problems and Manufacturing of Nanoparticles . J. Kreuter, 
Specialized Drug Delivery S ystems, Marcel Dekker Inc., pg. 257-266. Dispersions of 
these nanoparticles can then be obtained using the dispersion techniques described above. 
10 Solid lipid nanoparticles may be obtained as described in Nanoparticelle 

Lipidiche Solide Ouali Sistemi Terapeutici Colloidali , M R. Gasco, NCF nr. 7, 1996, pg 71- 
73. Dispersions of these particles can then be obtained using the dispersion techniques 
described above. 

Suspensions may be obtained by suspending the pharmaceutically active agent 
15 in a carrier in which it is partially, substantially, or completely insoluble. 

The pharmaceutically active agent in liquid form is then encapsulated in a 
capsule prior to coating the capsule core with the swellable polymeric coating layer by filling 
the capsule with the liquid form of the pharmaceutically active agent and sealing the capsule 
to^com^in the liqmdrAlry^onve^ 
20 of suitable capsules include gelatin-based capsules (both hard and soft), starch-based capsules, 
and vegetable-based capsules. Currently soft shell gelatin capsules are preferred for the 
methods of the present invention. When gelatin or starch capsules are employed, the liquid 
form of the pharmaceutically active agent preferably includes lipophilic carriers, and in some 



instancesralso hydrophllie-carriers mwamount whichdoesTiotcause the solubiUzationof the- 
25 gelatin or starch capsule by the carrier. Typically, the amount of hydrophilic carrier is not 

^more^tfian "30% rin ^thoTseTormulations which include by a hydropfiiliclarid a lipophilic carrier.ir: 
However, this number will differ depending upon the particular capsules employed. Capsule 



manufacturers typically establish the maximum amount of hydrophilic carrier which can be 
suitable encapsulated within their particular capsules. 
30 According to the methods of the present invention, the pre-formed core, 

._jt .™^^=j^^^g^^_.^.._ j-gjjj^j ^p Su f e core,' is s^ubstahtiall^un'oTmdea 
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by a swellable polymeric coating layer^The swellable polymeric coating layer delays the 
release of the pharmaceutically active agent for a predetermined period of time, which period 
of time is dependent upon the thickness of the swellable polymeric coating layer. In other 
words, the thicker the swellable polymeric coating, the longer it delays the release of the 
5 active ingredient from the core of the formulation. Thus, the appropriate time period for the 
release of the active ingredient can be determined prior to the preparation of the formulation, 
and the formulation designed by applying the appropriate thickness of swellable polymeric 
coating layer to achieve the desired time delay prior to release of the active ingredient. 
Typically, the desired time delay will range from about 4 to about 9 hours inclusive, but may 
10 be longer or shorter in certain cases. 

Because the formulations of the present invention provide the time-delayed 
release of a pharmaceutically active agent, the formulations provided by the instant invention 
are usefiil f6r the treatment of conditions which are desirously treated through time-delayed 
pharmaceutical agent delivery mechanisms. For example, the formulations of the present 
1 5 invention are usefiil for the treatment of morning pathologies, i.e., pathologies, conditions, 
diseases, or other illnesses, the symptoms of which are generally pronounced, aggravated, or 
more acute in the morning as the afflicted subject awakens from sleep. The Inventors have 
filed concurrently herewith, a separate patent application directed toward methods of treating 
"morning pathologies" with the time : s]^ific~fqrm^ Morning 



20 pathologies include arthritis, angina, hypertension, and asthma. These conditions may be 
advantageously treated by administering the time-specific formulation according to the 
present invention prior to sleeping such that the delivery of the pharmaceutically active agent 
is achieved at about the time the afflicted subject awakens, thereby alleviating the symptoms 



of the morning pathology. 

2 5 The swellable polymeric coating layer is comprised of two basic components, a 

ir^r bmdersolutibh^Sd p6wd^f^r^ryn^Fparticlesr:The swellable polymeric coating layer is" 
applied to the core in a two-step fashion, which steps are repeated a sufficient number of 



times to build the thickness of the swellable polymeric coating iTayerfln the first step, the core 
is wet with the binder solution which serves to adhere the powdered polymeric coating 
30 particles to the wet core. Suitable binder solutions may include conventional 
pharnraceutic^ 
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of binder agents include but are not limited to vinyl polymers, such as polyvinylpyrrolidone, 
polyvinyl alcohol, and the like; cellulosic polymers, such as hydroxypropylmethylcellulose, 
hydroxyethylcellulose, hydroxypropylcellulose, and the like; acrylic polymers and copolymers 
such as methacrylic acid copolymers, ethyl acrylate-methylmethacrylate copolymers, and the 
like; natural or synthetic gums, such as guar gum, arabic gum, xanthan gum, and the like; 
proteins or carbohydrates, such as gelatin, pectin, and the like; and mixtures thereof. 
Currently, polyvinylpyrrolidone is the preferred binder agent. 

Suitable solvents for solubilizing the binder agents include solvents which are 
capable of substantially completely solubilizing the specific binder agent(s) selected and which 
are pharmaceutically and biologically acceptable for ingestion. Suitable solvents will be 
readily determinable by those skilled in the art. Water is currently the preferred solvent for 
solubilizing the binder agent, as it is pharmacologically and biologically well suited for 
ingestion. However, other examples of suitable solvents will be appreciated by those skilled 
in the art and are contemplated by the methods of the present invention. 

The binder solution should be of sufficient viscosity to enable the wetting of 
the cores by any suitable wetting technique known to those skilled in the art. For example, 
the cores may be wetted with the binder solution by rotating the cores in a bath containing the 
binder solution. The cores may be suitably wetted by manual application of the binder 
" solution" by" ladlmgthe" binder^lutiolfoveTthe c6res~as~the cores are rotating in a 

conventional coating pan. Alternatively, the cores may be wetted by spraying the binder 
solution on the cores. In one embodiment, the wetting step is advantageously carried out 
using conventional automated pan coating equipment wherein the cores are sprayed with the 
binder solution while rotating in the pan. 

_ — To-provide the coating layer, the wetted cores are coated with dry, powdered 

25 polymeric coating particles which adhere to the binder-wetted core due to the presence of the 

binderon [ the surface of the corer Thelp^ymerlc^atmg particli§5ypically comprise a r 

hydrophilic gelling polymer or "swellable" polymer which swells on contact with gastro- 
intestinal juices to form a continuous film surrounding the core. The coating layer must 
sufficiently protect the integrityof the core for the desired period of time, without regard to 
0 the pH of the medium to which it is subjected. Once the desired, pre-delivery time period has 
eiap^rtiieliolitin^layer sTio^'bTaTmost completely dissolved^erodHlo^hartBe core 
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should be capable of relatively quick disintegration. Thus, it is desirable that the core be 
capable of the fast, time-specific release of the pharmaceutically active agent. Significantly, 
the methods of the present invention do not required polymeric solutions for the formation of 
the swellable polymeric coating layer and as such provide distinct advantages in terms of ease 
of manufacture and decreased manufacturing time. Because the methods of the present 
invention do not utilize polymeric solutions for the formation of the swellable polymeric 
coating layer, but instead utilize dry powdered polymeric particles, polymers which exhibit 
high viscosity in solution may be used in the methods of the present invention although they 
may not be functional in conventional film coating methods. 

The polymeric coating particles may be comprised of any suitable hydrophilic 
gelling polymer known to those skilled in the art. For example, suitable hydrophilic gelling 
polymers include but are not limited to cellulosic polymers, such as methylcellulose, 
carboxymethylcellulose, hydroxypropylcellulose, hydroxypropylmethylcellulose, 
hydroxyethylcellulose, and the like; vinyl polymers, such as polyvinylpyrrolidone, polyvinyl 
alcohol, and the like; acrylic polymers and copolymers, such as acrylic acid polymer, 
methacrylic acid copolymers, ethy l acrylate-me thyl m ethacrylate copolym ers, and the like; and 
mixtures thereof. Currently, the preferred polymeric particles comprise 
hydroxypropylmethylcellulose. 

"Hydfoxypro^lmethylceM 
including forms of different molecular weight, extremely different viscosity and different 
substitution grade. The inventors have also discovered that it is advantageous in certain 
applications to utilize mixtures or blends of two or more different forms of 
hydroxypropylmethylcellulose as the polymeric coating particles. In one preferred 

^mbodimentrthe polymeric coating particles of the coating layer comprise a mixture of 

polymeric coating particles having differing molecular weights and solubility characteristics. 
^F6rexain]pler^ of polymeric coating particles comprising ad- 

mixture of a) hydroxypropylmethylcellulose having I) a typical weight percent substitution 
corresponding to 29% methoxyl and 8% hydroxypropoxyl groups, and if) a nominal viscosity 
of a 2% watery solution at 20° C ranging from 5 to 100 mPa.s; and b) 
hydroxypropylmethylcellulose having I) a typical weight percent substitution corresponding to 
l27I%^ethoxy^ nXaliominal viscosity of a 2°?o" 
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watery solution at 20°C ranging from 4,000 to 100,000 mPa.s. An example of the first type 
of hydroxypropylmethylcellulose is METHOCEL E5®, and an example of the second type is 
METHOCEL K15M®, both of which are commercially available from Colorcon. 

The polymer(s) of the swellable polymeric coating layer partially hydrates on 
5 the outer surface thereof after ingestion to form a gel-like layer that acts as a skin, controlling 
the rate of erosion of the coating layer. As a consequence, the release or delivery of the 
pharmaceutically active agent contained within the core is inhibited for the predetermined 
period of time. 

Grades of hydroxypropylmethylcellulose having different degrees of 
10 substitution also possess different rates of hydration. The inventors have discovered that by 
utilizing mixtures or blends of two or more polymers with different rates of hydration, it is 
possible to obtain a layer with improved characteristics in terms of the rate-controlled 
hydration of the same. 

Because the formulations and methods of the present invention may include 
15 either a single hydroxypropylmethylcellulose or a blend of two or more different forms of 

hydroxypropylmethylcellulose as the powdered polymeric coating particles, for simplicity, the 
term "hydroxypropylmethylcellulose" as used herein, including the claims, refers to either a 
single hydroxypropylmethylcellulose or a blend of two or more forms of the polymer. 

ATtm^v^yr^swe^le~po^meric coating layer may be comprising of 
20 other substances which are capable of becoming freely permeable with an exactly defined 

kinetic following hydration in aqueous fluids. Such substances include polysaccharides, such 
as gelatin, saccriarose, / ^rbitoX)mannanes, and jaluronic acid; polyaminoacids; polyalcohols; 
polyglycols; and the like 



Ifradditidm^ttie^fd^^ ^ 

25 include additional excipients such as lubricants, flow promiPt ing^agents, , gf aSdz ersj) 

and synthetic colorants. ~ 



Ityecific examples of additional excipients include p olyethylene glycol, polyvinylpyrrolidone, 



talc, magnesium stearate, glyceryl behenate, stearic acid, and titanium dioxide. 

After the powdered polymeric coating particles are applied to the wetted core, 
30 the steps of first, wetting the core with binder and second, coating with powdered polymeric 
c»atuigl)articies are repeated sequentially oneor more additional times in ordefto build the 
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thickness of the swellable polymeric coating layer around the core. In other words, the 
alternating steps of wetting the core and coating with powdered polymeric coating particles 
are repeated in alternate fashion so that prior to each application of the powdered coating 
particles, the core is first wetted with binder solution. In this manner of repeated alternate 

5 applications of binder solution and powdered polymeric coating particles, the thickness of the 
swellable polymeric coating layer is increased to the desired measure. The number of 
repeated wetting and coating cycles is dependent upon the desired predetermined time for 
delivery of the active ingredient. The thicker the swellable polymeric coating layer around the 
core, the longer the latency, or lag time prior to delivery of the active ingredient. Typically, a 

10 sufficient number of wetting and coating cycles are performed so as to produce a corexoating 
layer weight ratio of between about 20:1 and about 1:5 inclusive, or a thickness in excess of 
about 10 um, and up to about 3 mm. Preferably, a sufficient number of coating cycles are 
completed so as to produce a corexoating layer weight ratio of between about 5:1 and about 
1:3 inclusive, or a thickness of between about 50 um and about 1.5 mm. 

1 5 In an alternate embodiment of the present invention, the swellable polymeric 

coating layer may be applied to the core using conventional film (or spray) coating techniques 
or double press coating techniques which are known to those skilled in the art of pharmacy. 
In the embodiment ^herein the swellable polymeric coating layer is applied to the core using 



" ~ ~ ~ ~ fflm p^atine ^ t^h^u ^he "hydYophilic gelling polymer is solubilized inan aqueous solution. 
20 Typically, the polymer used for film coating exhibits a viscosity ranging from about 3 to 100 
mPa s. at 25° C in a 2% aqueous solution. 

Although some organic solvents may be employed in the film coating 
ap plicationof-the sweUable polymeric coating layer, the inclusion of organic solvents in the 



~" film coating soHibTTulitiMdihlh^ present inventionisnof required" ~~ 

25 The solution of hydrophilic gelling polymer can be applied to the core by any 

™5sof ^Imcoatirig including but not limited to fluidbed, or pan coating. Preferably, the ~ 
solution of pol ymer is sprayed on the core to form the swella ble polymeric coaling layer. 

The polymer is applied on the core in order to build the desired thickness of 
the swellable polymeric coating layer. For example, in the embodiment wherein film coating 
30 is employed, the core is sprayed with the solution of polymer until the desired thickness of 
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swellable polymeric coating layer is achieved. The desired thicknesses are the same as 
described above for the alternate method or preparing these formulations. 

The methods of the present invention provide a time-specific dosage 
formulation which is suitable for oral administration and delivery in the gastro-intestinal tract. 
5 The formulation includes (a) a core comprising the pharmaceutically active agent, and (b) a 
swellable polymeric coating layer substantially surrounding the core. In one embodiment the 
core comprises a solid, tablet-like core. In another embodiment, the core comprises a liquid- 
filled capsule core. As described hereinabove, the swellable polymeric coating layer is applied 
or provided by alternately wetting the core with a binder solution and coating the core with 
10 powdered polymeric particles a sufficient number of times to produce a time-specific dosage 
formulation having the desired thickness of swellable polymeric coating layer. The number of 
alternate wetting and coating processes depends upon the desired thickness of the coating 
layer, which in turn determines the lag time within the body after administration, prior to 
delivery of the pharmaceutically active agent. 
1 5 Accordingly the methods of the present invention also include methods of 

achieving the time-specific delivery of a pharmaceutically active agent to a patient in need of 
the therapeutic effects of the pharmaceutically active agent. The method includes 
administering to the patient the time-specific release dosage form described hereinabove. 



20 directed include mammals in general, and in particular, humans. 

The following examples are provided to illustrate the present invention, and 
should not be construed as limiting thereof. In these examples, "ug" means micrograms, 
"m g" means millig rams, "g" means gra ms, "mm" mean |m|| meters, >m" m eans micrometers, 
"kplheans 9.807Newton, "rnPaTs" means milliPascal per second^'mia" hTeatislmrMe(s); 

25 and " ° C" im^^mP^^^^^^l^^^^^^P^^ wei 8 ht of the taWet 
iess--dtn"g^^ 

procedures set forth in the United States Ph armacopoeia for testing the disintegration of 
tablets. 
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EXAMPLE 1 

Diclofenac sodium (25 mg), 140 mg of dibasic calcium phosphate dihydrate, 
24 mg of microcrystalline cellulose, and 10 mg of sodium starch glycolate, are mixed 
thoroughly. Magnesium stearate (1 mg) is added and thoroughly mixed for another 5 min. 

5 The granular mixture is formed into tablet cores of 6.8 mm diameter, weighing 200 mg each, 
using a rotary tablet press. The cores show a disintegration time lower than 5 min. in water, a 
Schleuninger hardness higher than 10 kp and a friability lower than 0.1%. 

The cores are heated to 40° C and the coating layer is applied onto the cores in 
a two-step procedure, using an automatic coating pan. In the first step, the cores are wetted 

10 with a binder solution including 15% polyvinylpyrrolidone, and 85% purified water. In the 
second step, the wetted cores are treated with a dry mixture including 22.5% METHOCEL 
E5®, 67.5% METHOCEL K15M®, 9% talc and 1% colloidal silicon dioxide. Steps 1 and 2 
are repeated until a weight gain corresponding to 30% of total tablet weight is achieved. The 
time necessary to apply a weight gain of 30% has been less than 3 hours. 

15 The coated tablets show a dissolution time lag in excess of 302±56 min, 

indicating that there is no release of diclofenac from the core in the first 5 hours. 

EXAMPLE 2 



Comparative Example -Spray Coating 

20 Cores (20,000) containing 25 mg diclofenac sodium are prepared according to 

Example 1. 

The cores are heated to 40°C and the coating layer is applied by continuously 
waving thfLCor es with a solution including 7.5 % METHOCEL E50®^% PEG6000®,__ 



and 92% purified water, until a weight gain corresponding to 60% of the tablet weight is 
25 achieved. The coating time corresponds to 5 days. 



The coated tablets show a dissolution time lag in excess of 300 min., followed- 



by a quick disintegration of the tablet. 



EXAMPLE 3 

30 Verapamil HC1 (40 mg), 129 mg of dibasic calcium,phosphate dihydrate, 20 

"~ "" ' ' '" "• " " " • " — - ----- 1- -— - - -- - - •- 



mg of microcrystalline cellulose, and 10 mg of sodium starch glycolate, are mixed thoroughly. 
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Magnesium stearate (1 mg) is added and thoroughly mixed for another 5 min. The granular 
mixture is formed into tablet cores of 6.8 mm diameter, weighing 200 mg each using a rotary 
tablet press. The cores show a disintegration time lower than 5 min. in water, a Schleuninger 
hardness higher than 10 kp and a friability lower than 0. 1%. 

The cores are heated to 40 °C and the coating layer is applied onto the cores in 
a two-step procedure, using an automatic coating pan. In the first step, the cores are wetted 
with a binder solution including 5% METHOCEL E5®, 10% polyvinylpyrrolidone, and 85% 
purified water. In the second step, the wetted cores are treated with a dry mixture including 
90% METHOCEL K15M®, 9% talc and 1% colloidal silicon dioxide. Steps 1 and 2 are 
repeated until a weight gain corresponding to 50% of total tablet weight is achieved. 

The coated tablets showed a dissolution time lag in excess of 300 min., 
followed by a quick disintegration of the tablet. 

EXAMPLE 4 

Isosorbide-5-mononitrate (20 mg), 135 mg of Lactose S.D. 34 mg of 
microcrystalline cellulose, and 10 mg of sodium starch glycolate, are mixed thoroughly. 
Magnesium stearate (1 mg) is added and thoroughly mixed for another 5 min. The granular 
mixture is formed into tablet cores of 6.8 mm diameter, weighing 200 mg each using a rotary 



lablet pressT The^cores^how "aWsWegration time lower than 5 min. in water, a Schleuninger 
hardness higher than 10 kp and a friability lower than 0. 1%. 

The cores are heated to 40 °C and the coating layer is applied 
onto the cores in a two-step procedure, using an automatic coating pan. In the first step, the 
cores are wetted.with.a ^jo alutgaffiMBg!^ METHOCEL E50®, 3% PEG 400®, 



and~90% purified water. In the second step, the wetted cores are treated with a dry mixture 
including 90% METHOCEL K15M®, 9yoMc,Mdl% (^>^MM9 on dioxide. Steps 1 and 



2 : are repeated until a weight "gain correspond^ ^ji&totalrteblet weight is achieved. 
Samples corresponding ; fcfweight gains of 25, 50, and 70% were^collected. 



The coated tablets showed a disintegration time lag linearly proportional to the 
amount of coating layer applied, until a time lag corresponding to 8 hours for the last sample. 
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EXAMPLE 5 

Tablet cores containing 1 mg of lorazepam as the active ingredient are heated 
to 40 °C and coated in a two-step procedure, using an automatic coating pan. In the first 
step, the cores are wetted with a binder solution including 15% polyvinylpyrrolidone and 85% 
5 purified water. In the second step, the wetted cores are treated with a dry mixture including 
45% METHOCEL E5®, 45% NATROSOL HHR®, 9% talc and 1% colloidal silicon 
dioxide. Steps 1 and 2 are repeated until a weight gain corresponding to 35% of total tablet 
weight is achieved. The coating layer is determined to be approximately 0.7-0.8 mm in 
thickness. The coating time corresponds to 6 hours. The coated tablets showed a 
1 0 disintegration time lag in excess of 300 min. 

EXAMPLE 6 
Comparative Example -Fluid Bed Coating 

Tablets containing 1 mg of lorazepam are coated with a coating layer using a 
15 fluid bed apparatus. The cores are heated to 40°C and the coating layer is applied by 

continuously spraying a solution including 7.5% METHOCEL E50®, 0.5% PEG 6000®, 1% 
colloidal silicon dioxide, and 91% purified water, until a layer corresponding to 50% of 
weight gain is applied. The coating time corresponds to 5 days. The coated tablets showed 



20 



^TiislfflegTaWcWtlhtrrag in excess of 300 min. 

EXAMPLE 7 

Bromocryptine mesylate (2.87 mg), 30 mg of microcrystalline cellulose, and 2 
mg of maleic acid are mixed thoroughly . Lactose S.D. (153.78 mg), 10 mg of sodium starch 
~ glycolate7X)T35 mg^ 
25 thoroughly mixed for another 10 min. The granular mixture is formed into tablet cores of 6.8 
^-'^^^rS^^^erT^igh^g^OO ntg^sihg a rotary tablet pFess. The cores show a disintegration 
time lower than 5 min. in water, a Schleuninger hardness higher than 10 kp and a friability 



lower than 0.1%. 

The cores are heated to 40°C and the coating layer is applied 
3.0 onto the cores in a two-step procedure, using an automatic coating pan. In the first step, the 
^ E ~ ~ cores we wetted with a "b^^^ 
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and 90% purified water. In the second step, the wetted cores are treated with a dry mixture 
including 90% METHOCEL K15M®, 9% talc and 1% colloidal silicon dioxide. Steps 1 and 
2 are repeated until a weight gain corresponding to 50% of total tablet weight is achieved. 
The coated tablets showed a disintegration time lag in excess of 5 hours. 

5 

EXAMPLE 8 

Sugar pellets (15 kg) having a diameter of 0.4-0.6 mm were increased with 
diclofenac sodium, in a two-step procedure using an automatic rotary pan. First, the pellets 
are wetted with a 30% aqueous suspension of acrylic and methacrylic copolymer soluble in 
10 gastric medium. Second, the wetted pellets are treated with a dry mixture including 90. 1% 

diclofenac sodium, 9% talc, and 0.9% colloidal silicon dioxide. These steps are repeated until 
a diclofenac sodium potency of 50% is achieved. 

The core pellets are coated with the coating layer in a two-step procedure, 
using an automatic coating pan. In the first step, the core pellets are wetted with a binder 
15 solution including 15% polyvinylpyrrolidone and 85% purified water. In the second step, the 
wetted core pellets are treated with a dry mixture including 80% METHOCEL K15M®, and 
20% talc. Steps 1 and 2 are repeated until a weight gain corresponding to 75% of total pellet 
weight is achieved. An amount of coated pellets corresponding to 100 mg of diclofenac 
sodium is encapsulated ui aliaH-shell^eiatin capsule to provide a angle dosage form. The 
20 capsule showed a disintegration time lag in excess of 6 hours. 

EXAMPLE 9 

- < >M. i . . <&GyclospoiwAJiWD.^), 149 mg dibasic calcium phosphate dihydrate, 25 mg 
— ofrmcroclysTillm^ 

25 dioxide are mixed thoroughly. Glyceryl behenate (3 . 5 mg) is added and thoroughly mixed for 
^anotKe^nSnT The granular "mixture is formed into tablet cores of 8.7 mm diameter, '- ; 
"^weighing 280 mg using a rotary ta blet prggs^ , T^e^ o res^ show a disint egration time lower than 
5 min. in water, a Schleuninger hardness higher than 10 kp and a friability lower than 0.1%. 

The cores are heated to 40 °C and the coating layer is applied onto the cores in 
30 a two-step procedure, using an automatic coating pan. In the first step, the cores are wetted 
with a binder solution mcluding^ 1 5% polyvinylpyrrolidone, and 85% purified water. In the 
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second step, the wetted cores are treated with a dry mixture including 45% METHOCEL 
E5®, 45% METHOCEL K15M®, 9% talc and 1% colloidal silicon dioxide. Steps 1 and 2 
are repeated until a weight gain corresponding to 50% of total tablet weight is achieved. The 
coated tablets showed a disintegration time lag in excess of 6 hours. 

5 

EXAMPLE 10 

Insulin (100 I.U.), aprotinin (100,000 1.U.), poloxamer F127 (45 mg), purified 
water (15 mg), PEG-8 caprylic/capric glycerides (90 mg), and isopropyl myristate (q.s. to 300 
mg) are mixed until solubilization. 
10 The obtained solution is dosed into 5 oval-shaped soft gelatin capsules formed 

from gelatin (106.0 mg), glycerin (41.7 mg), red iron oxide (1.7 mg), sodium ethyl paraben 
(0.4 mg), and sodium propylparaben (0.2 mg). 

The capsules show a disintegration time lower than 5 min. in water. 
The capsules are heated to 35 °C and the coating layer is applied onto the 
15 cores in a two-step procedure, using an automatic coating pan. In the first step, the cores are 
wetted with a binder solution including 5% METHOCEL E5®, 0.5% gelatin, and 94.5% 
purified water. In the second step, the wetted cores are treated with a dry mixture including 
90% METHOCEL K15M®, 9% talc and 1% colloidal silicon dioxide. Steps 1 and 2 are 
"Zl^r ^ corresponding to 30%~of total capsule weight is achieved. 

20 The coated capsules showed a dissolution time in excess of 240 min., followed 

by a quick disintegration of the capsule. 

EXAMPLE 11 



Cycld^poTml^ 

25 purified water (25 mg), cocamide DEA (85 mg), and isopropyl myristate (135 mg) are mixed 

r: ~"r~ untirsolubUizatiorf. ■ " • _ -- -- - 

The obtained microemulsion is dosed into 8 oblong-shaped, soft gelatin 

. . , . r . r.-— r, xTrtiisSfrmz — — — • — 



capsules, formed from gelatine (216.9 mg), glycerin (3.7 mg), sorbitol 70% (75.9 mg), and 

titanium dioxide (3 .5 mg). 
30 The capsules are heated to 30-35°C and coated in a two-step procedure, using 

^ „ mto^^cos^gpm. inthVfirst ; stepTAecapsules are wetted with a binder solution 
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including 15% polyvinylpyrrolidone, 1% gelatin, and 84% purified water. In the second step, 
the wetted cores are treated with a dry mixture including 45% METHOCEL E5®, 45% 
METHOCEL K15M®, 9% talc, and 1% colloidal silicon dioxide. Steps 1 and 2 are repeated 
until a weight gain corresponding to 50% of total capsule weight is achieved. The coated 
5 capsules showed a disintegration time lag in excess of 5 hours. 

EXAMPLE 12 

The capsules of Example 11 are heated to 30-35 °C and coated by 
continuously spraying a solution including 7.5% METHOCEL E50®, 0.5% PEG 6000, 1% 
10 colloidal silicon dioxide, and 91% purified water, until a weight gain corresponding to 30% of 
total capsule weight is achieved. The coated capsules showed a disintegration time lag in 
excess of 240 min. 

EXAMPLE 13 

15 Etoposide (50 mg), ethoxydiglycol (86.5 mg), apricot kernel oil PEG-6 esters 

(27.9 mg), caprylic/capric triglyceride (55.9 mg), polyglyceryl-6 isostearate (72.6 mg), PEG-8 
caprylic/capric glycerides (25 1 .3 nig), and purified water (55 . 8 mg) are mixed until solubilized 
in the form of a microemulsion. 

jjj e Q^ jjjlg^ j^$@^^dnlg-dd^'iiit5 10 oval-shaped, soft gelatin 

20 capsules, formed from gelatin (185 mg), glycerol (90 mg), sodium ethyl paraben (0.8 mg), 

sodium propylparaben (0.4 mg), titanium dioxide (2.7 mg), yellow iron oxide (0.2 mg), PEG 
20000 (7 mg), and PEG 1550 (3 mg). 

-~ t, ,^^The capsules a re h ^ t e^ is applied onto the 

~ capsules S"atwo-step procedure, using an automatic coatihyparT In the first step, the 

25 capsules are wetted with a binder solution including 7% J METHOCEL E50®, 3% PEG 400, 

Imxture including 22.5 % METHOCEL E5®, 67.5% METHO CEL K15M®, 9% talc, and 
1% colloidal silicon dioxide. Steps 1 and 2 are repeated until a weight gain corresponding to 
30% of total capsule weight is achieved. The coated capsules show a dissolution time lag in 
30 excess of 240 min. _ . 
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EXAMPLE 14 

Staphylococcus aureus (2 mg, corresponding to 10 9 bacteria), Echerichia 
coli (2 mg, corresponding to 10 9 bacteria), Aerobacter aerogenes (2 mg, corresponding to 
10 9 bacteria), Proteus vulgaris (2 mg, corresponding to 10 9 bacteria), and PEG 400 are 

5 mixed thoroughly. 

The obtained dispersion is dosed into 3 oval-shaped, soft gelatin capsules, 
formed from gelatin (67 mg), glycerin (33 mg), sodium ethyl paraben (0.3 mg), sodium 
propylparaben (0.2 mg), and E127 (0.02 mg). 

The capsules are heated to 30°C and the coating layer is applied onto the 

10 capsules in a two-step procedure, using an automatic coating pan. In the first step, the 
capsules are wetted with a binder solution including 15% polyvinylpyrrolidone, and 85% 
purified water. In the second step, the wetted capsules are treated with a dry mixture 
including 45% METHOCEL E5®, 45% NATROSOL HHR®, 9% talc, and 1% colloidal 
silicon dioxide. Steps 1 and 2 are repeated until a weight gain corresponding to 30% of total 

15 capsule weight is achieved. The coated capsules showed a disintegration time lag in excess of 
240 min. 

EXAMPLE 15 



Salmon calcitonin (500LU), sodium methylparaben (1.5 mg), disodium 
20 edetate (10.3 mg), sodium cholate (10.3 mg), and purified water (40.6 mg) are solubilized, 
and the temperature increase to 60°C. 

Egg phosphatidylcholine (38.6 mg), cholesterol (7.8 mg), ethyl alcohol (61.7 
mg), and tocopherol acetate (0.2 mg) are solubilifced, and the tem peratur e increased to 60°C. 
~ Thel>blalM3~liposomelus^ 

25 formed by gelatin (67 mg), glycerin (33 mg), sodium ethyl paraben (0.3 mg), sodium 

The capsules are heated to 25-30°C and the coating kyer is applied onto the 



cores in a two-step procedure, using an automatic coating pan. In the first step, the capsules 
are wetted with a binder solution including 7% METHOCEL E50®, 3% PEG 400, 70% ethyl 
30 alcohol, and 20% purified water. In the second step, the wetted cores are treated with a dry 



mixture including 90% METHOCEL K15M®, 9% talc, and 1% colloidal silicon dioxide. 
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Steps 1 and 2 are repeated until a weight gain corresponding to 30% of total capsule weight 
is achieved. The coated capsules showed a disintegration time lag in excess of 240 min. 

The foregoing is illustrative of the present invention and is not to be construed 
as limiting thereof. The invention is defined by the following claims, with equivalents of the 
claims to be included therein. 
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That Which Is Claimed Is: 



1 1 . A method for time-specific delivery of a pharmaceutically active agent 

2 to a patient in need of the therapeutic effects of said pharmaceutically active agent, said 

3 method comprising administering to said patient, a pharmaceutical formulation comprising (a) 

4 a core comprising said pharmaceutically active agent, and (b) a swellable polymeric coating 

5 layer substantially surrounding said core, that delays the release of said pharmaceutically 

6 active agent from said core for a predetermined period of time dependent upon the thickness 

7 of said swellable polymeric coating layer; and wherein said swellable polymeric coating layer 

8 is provided by alternately (i) wetting said core with a binder solution, and (/'/) coating said 

9 core with powdered polymeric particles a sufficient number of times to produce a time- 

10 specific dosage formulation having the desired thickness of swellable polymeric coating layer. 

1 2. The method according to Claim 1, wherein said pharmaceutical 

2 formulation is administered orally. 

1 3 . The method according to Claim 1 , wherein said pharmaceutically 

2 active agent is selected from the group consisting of steroids, xanthines, beta-2-agonist 



b^o^ho^atorsTa^Obminatory. agents, analgesic agents, calcium antagonists, angjotensin- 

4 converting enzyme inhibitors, beta-blockers, centrally active alpha-agonists, alpha- 1- 

5 antagonists, anticholinergic/antispasmodic agents, vasopressin analogues, antiarrhythmic 

6 agents, antiparkinsonian agents, antiangina/antihypertensive agents, anticoagulant agents, 

7 antiplatelet agents, sedatives, ansiolytic agents, peptidic agents, biopolymeric agents, *' 



U antineoplastic agents, laxatives, anfidiarfheal agents, antimicrobial agenfs7antifurigal agerftsT 



9 vaccines, and.nucleic,.acids. ; , 



4- The method according to Claim 1, wherein said swellable polymeric 

— r-vr . : iLjlJIitJiiti-- — ; > — — ... - - - 



2 coating layer comprises powdered polymeric particles selected from the group consisting of 

3 hydroxypropylmethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, 

= 4 polyvinylpyrrolidone, polyvinyl alcohol, acrylic acid polymer, methacrylic acid copolymers, 



ethyl acrylate-methyl methacrylate copolymers, and mixtures thereof. 
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1 5. The method according to Claim 1, wherein said binder solution is 

2 selected from the group consisting of polyvinylpyrrolidone, hydroxypropylmethylcellulose, 

3 polyvinyl alcohol, hydroxyethylcellulose, methacrylic acid copolymers, ethylacrylate- 

4 methylmethacrylate copolymers, guar gum, arabic gum, xanthan gum, gelatin, pectin, and 

5 mixtures thereof. 

1 6. The method according to Claim 1, wherein said swellable polymeric 

2 coating layer comprises polymeric hydroxypropylmethylcellulose particles. 

1 7 The method according to Claim 1, wherein said binder solution is 

2 polyvinylpyrrolidone. 

1 8. The method according to Claim 1, wherein said swellable polymeric 

2 coaling layer is not less than 50 fim thick. 



1 9. The method according to Claim 1, wherein said swellable polymeric 

2 coating layer is sufficiently thick to achieve a corexoating layer ratio of between about 20: 1 

3 to about 1:5. 

1 10. The method according to Claim 1, wherein said swellable polymeric 

2 coating layer is sufficiently thick to achieve a corexoating layer ratio of between about 5: 1 to 
about 1 :3, 

1 1 1 . A method for time-specific delivery of a pharmaceutically active agent 

-. 2 to ^atientlin n^ said 

3 method com prising administering to said patient, a pharmace utical formulation c omprisin g (a) 

4 a core comprising said pharmaceutically active agent, and (b) a swellable polymeric coating 

5 layer substantially surrounding said core, that delays the release of said pharmaceutically 

., 6 active agent from said core for a predetermined period of time dependent upon the thickness_ 
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7 of said swellable polymeric coating layer; and wherein said swellable polymeric coating layer 

8 is formed from powdered polymeric particles. 

1 12. A method for producing a time-specific dosage formulation for the 

2 time-specific delivery of a pharmaceutically active agent, said method comprising coating a 

3 core comprising said pharmaceutically active agent with a swellable polymeric coating layer 

4 that delays the release of said pharmaceutically active agent from said core for a 

5 predetermined period of time dependent upon the thickness of said swellable polymeric 

6 coating layer; and wherein said step of coating said core with said swellable polymeric coating 

7 layer comprises alternately (/) wetting said core with a binder solution, and (if) coating said 

8 core with powdered polymeric particles a sufficient number of times to produce a time- 

9 specific dosage formulation having the desired thickness of swellable polymeric coating layer. 

1 13 . The method according to Claim 12, wherein said pharmaceutically 

2 active agent is selected from the group consisting of steroids, xanthines, beta-2-agonist 

3 bronchodilators, anti-inflammatory agents, analgesic agents, calcium antagonists, angiotensin- 

4 converting enzyme inhibitors, beta-blockers, centrally active alpha-agonists, alpha-1- 

5 antagonists, anticholinergic/antispasmodic agents, vasopressin analogues, antiarrhythmic 



ly agents, "antip^kksom^ ag^ agents, anticoagulant agents, 

7 antiplatelet agents, sedatives, ansiolytic agents, peptidic agents, biopolymeric agents, 

8 antineoplastic agents, laxatives, antidiarrheal agents, antimicrobial agents, antifungal agents, 

9 vaccines, and nucleic acids. 



_ ™. jhe method according to ClM^nrwHereWsaidlwellable polymeric" 

2 coating layer comprises powdered polymeric particlesselected from the group consisting of 

4 polyvmyrpy^li'do heTp^yWylllc^ ho l, acryli c acid polymer, methacry lic acid copolymers, 

5 ethyl acrylate-methyl methacrylate copolymers, and mixtures thereof. 



,1 



2 
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3 polyvinyl alcohol, hydroxyethylcellulose, methacrylic acid copolymers, ethylacrylate- 

4 methylmethacrylate copolymers, guar gum, arabic gum, xanthan gum, gelatin, pectin, and 

5 mixtures thereof. 



1 



16. The method according to Claim 12, wherein said step of coating said 

2 core with said swellable polymeric coating layer comprises coating said core with a swellable 

3 polymeric coating layer not less than 50 thick. 
4 

5 17. The method according to Claim 12, wherein said step of coating said 

6 core with said swellable polymeric coating layer comprises coating said core with a swellable 

7 polymeric coating layer to achieve a core:coating layer ratio of between about 20: 1 to about 

8 1:5. 



1 



18. A method for time-specific delivery of a pharmaceutically active agent 

2 to a patient in need of the therapeutic effects of said pharmaceutically active agent, said 

3 method comprising administering to said patient, a pharmaceutical formulation comprising: 

4 (a) a core which comprises a capsule containing a liquid form of said pharmaceutically active 

5 agent, and (b) a swellable polymeric coating layer substantially surrounding said core, that 

i f ?OT i ^ ^ C ° re 3 P rede * ermmed 

7 period of time dependent upon the thickness of said swellable polymeric coating layer; and 

8 wherein said swellable polymeric coating layer is provided by alternately (I) wetting said core 

9 with a binder solution, and (//) coating said core with powdered polymeric particles a 

10 sufficient number of times to produce a time-specific dosage formulation having th^desired_ 



lT thickness of swellable polymeric coating layer. " 



'P^i^assj^^ ' ' -^ 7nr!Sfi^^^""acwrdUg1fo Glai^-lywhermn" said pharmaceutical- 
T ^formulation is aa^riinistere<i"6rally. 



1 20. The method according to Claim 1 8, wherein said liquid form of said 

_ 2 pharmaceutically active agent is selected from the group consisting of solutions, liposome 



"*3 dispersions, oil-in-water emulsions, microemulsions, precursors of microemulsions and 
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4 liposomes, dispersions of microparticles, dispersions of nanoparticles, dispersions of solid 

5 lipid particles, and suspensions. 

1 21 . The method according to Claim 18, wherein said pharmaceutically 

2 active agent is selected from the group consisting of steroids, xanthines, beta-2-agonist 

3 bronchodilators, anti-inflammatory agents, analgesic agents, calcium antagonists, angiotensin 

4 converting enzyme inhibitors, beta-blockers, centrally active alpha-agonists, alpha-1- 

5 antagonists, anticholinergic/antispasmodic agents, vasopressin analogues, antiarrhythmic 

6 agents, antiparkinsonian agents, antiangina/antihypertensive agents, anticoagulant agents, 

7 antiplatelet agents, sedatives, ansiolytic agents, peptidic agents, biopolymeric agents, 

8 antineoplastic agents, laxatives, antidiarrheal agents, antimicrobial agents, antifungal agents, 

9 vaccines, and nucleic acids. 

1 22. The method according to Claim 18, wherein said swellable polymeric 

2 coating layer comprises powdered polymeric particles selected from the group consisting of 

3 hydroxypropylmethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, 

4 polyvinylpyrrolidone, polyvinyl alcohol, acrylic acid polymer, methacrylic acid copolymers, 

5 ethyl acrylate-methyl methacrylate copolymers, and mixtures thereof. 

1 23 . The method according to Claim 18, wherein said binder solution is 

2 selected from the group consisting of polyvinylpyrrolidone, hydroxypropylmethylcellulose, 

3 polyvinyl alcohol, hydroxyethylcellulose, methacrylic acid copolymers, ethylacrylate- 

4 meth vlrne thacrvlate copolyme rs,, Ruar.giu p, arabiggum, xantha n gum, gelatin, pectin, and 
~3T mixturesThereof. ; 

~f " -2 I;:,, • - 24. :; - : ""The method accordiing -tolElainrr87 wfferein swd swellable polymeric 

2 coating layer comp rises polymeric hydr oxypropylmethy^ 



1 



25. The method according to Claim 18, wherein said binder solution is 
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3 26. The method according to Claim 1 8, wherein said swellable polymeric 

4 coating layer is not less than 50 /im thick. 

1 27. The method according to Claim 18, wherein said swellable polymeric 

2 coating layer is sufficiently thick to achieve a corexoating layer ratio of between about 20 : 1 

3 to about 1:5. 

1 28. The method according to Claim 18, wherein said swellable polymeric 

2 coating layer is sufficiently thick to achieve a corexoating layer ratio of between about 5 : 1 to 

3 about 1:3. 
4 

1 29. A method for time-specific delivery of a pharmaceutically active agent . 

2 to a patient in need of the therapeutic effects of said pharmaceutically active agent, said 

3 method comprising administering to said patient, a pharmaceutical formulation comprising: 

4 (a) a core which comprises a capsule containing a liquid form of said pharmaceutically active 

5 agent, and (b) a swellable polymeric coating layer substantially surrounding said core, that 

6 delays the release of said pharmaceutically active agent from said core for a predetermined 

7 period of time dependent upon the thickness of said swellable polymeric coating layer; and 

- olyineric citing i^rlsTormed Worn powdered polymeric particles. 

1 30. A method for producing a time-specific dosage formulation for time- 

2 specific delivery of a pharmaceutically active agent, said method comprising coating a core 

3 which comprises a capsule containing a liquid form of said pharmaceutically active agent, with 

5 agent from said core for a predetermined period of time dependent upon the thickness of said 
^^Sfwl^^^ ci)re with said swellable 

7 polyirienc^coating layer comprises alternately (I) wetting said core with a binder solut ion, and 

8 (if) coating said core with powdered polymeric particles a sufficient number of times to 

9 produce a time-specific dosage formulation having the desired thickness of swellable 
10 polymeric coating layer. 
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3 1 . The method according to Claim 30 further comprising the steps of ( 1) 
providing a liquid form of said pharmaceutically active agent selected from the group 
consisting of solutions, liposome dispersions, oil-in-water emulsions, microemulsions, 
precursors of microemulsions and liposomes, dispersions of microparticles, dispersions of 
nanoparticles, dispersions of solid lipid particles, and suspensions, and (2) encapsulating said 
liquid form of said pharmaceutically active agent in a capsule, prior to said step of coating 
said core. 

32. The method according to Claim 30, wherein said pharmaceutically 
active agent is selected from the group consisting of steroids, xanthines, beta-2-agonist 
bronchodilators, anti-inflammatory agents, analgesic agents, calcium antagonists, angiotensin- 
converting enzyme inhibitors, beta-blockers, centrally active alpha-agonists, alpha- 1- 
antagonists, anticholinergic/antispasmodic agents, vasopressin analogues, antiarrhythmic 
agents, antiparkinsonian agents, antiangina/antihypertensive agents, anticoagulant agents, 
antiplatelet agents, sedatives, ansiolytic agents, peptidic agents, biopolymeric agents, 
antineoplastic agents, laxatives, antidiarrheal agents, antimicrobial agents, antifungal agents, 
vaccines, and nucleic acids. 

_____ -__ xh e meth^according \to Claim 30, wherein said swellable polymeric 
coating layer comprises powdered polymeric particles selected from the group consisting of 
hydroxypropylmethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, 
polyvinylpyrrolidone, polyvinyl alcohol, acrylic acid polymer, methacrylic acid copolymers, 
ethyl acrylate-methyl methacrylate copolymers/ and Mxnir^ i thereof. ~ 

34. The method according to Claim 30, wherein said binder solution is 
seleWdfromlhTg^^^ 
~~ polyvinyl^ ^a^h^Bydro ^iy^ulo seT methacryltcacid copoly mers, ethylacrylate- 
methylmethacrylate copolymers, guar gum, arabic gum, xanthan gum, gelatin, pectin, and 
mixtures thereof. 
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35. The method according to Claim 30, wherein said step of coating said 
core with said swellable polymeric coating layer comprises coating said core with a swellable 
polymeric coating layer not less than 50 /zm thick. 

36. The method according to Claim 30, wherein said step of coating said 
core with said swellable polymeric coating layer comprises coating said core with a swellable 
polymeric coating layer to achieve a corexoating layer ratio of between about 20: 1 to about 
1:5. 

37. A pharmaceutical formulation for the time-specific delivery of a 
pharmaceutically active agent, said formulation comprising: 

(a) a core comprising a capsule containing a liquid form of said 
pharmaceutically active agent, and 

(b) a swellable polymeric coating layer substantially surrounding said core, 
wherein said swellable polymeric coating layer delays the release of said 
pharmaceutically active agent from said core for a predetermined period of time 
dependent upon the thickness of said swellable polymeric coating layer; and wherein 
said swellable polymeric coating layer is provided by alternately (7) wetting said core 

with^bmlier^OlmionTand (//Xcoatmg said core wim powdered polymeric particles a 

sufficient number of times to produce a time-specific dosage formulation having the 
desired thickness of swellable polymeric coating layer. 
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